The efficient lavender (Lavandula angustifolia Mill.) 
I. Introduction
Lavender (Lavandula angustifolia Mill.) is one of the few members of the genus Lavandula (Lamiaceae) which is cultivated worldwide for essential oil production [1] . The outspreading lavender cultivation beyond the traditional growth areas, elevated levels of harvest mechanization and essential oil market open for new lavender products resulted in increasing demands for further lavender improvement including targeted breeding and marker assisted selection [2, 3] . The last is largely facilitated by the expanding lavender genomic resources [4, 5] , set of characterized essential oil biosynthesis genes [6] [7] [8] [9] [10] and available molecular markers [2] . One drawback restraining larger scale lavender breeding programs and characterization of lavender genetic resources, as well as detailed assessment the impact of various environmental factors is the lack of efficient procedure for comparative analysis of lavender flower volatiles, which could be routinely applied for characterization of large sets of individual lavender plants. Due mainly to the direct practical usage of the generated data, so far the flower volatile studies on lavender and other Lavandula species employ the analysis of essential oils distilled from lavender inflorescence material [11, 12] . This approach has been widely applied in studies of lavender varieties [13] [14] [15] [16] [17] and natural populations of Lavandula species [18] [19] [20] [21] , as well as for evaluation of the impact of environmental factors and processing practices [22] [23] [24] [25] [26] . However, the composition of the lavender oil is significantly influenced by the parameters of harvesting, inflorescence storage and essential oil distillation [11, [27] [28] [29] . Moreover, the changes of volatile abundancies during flower development combined with the unsynchronized lavender flower and inflorescence development add additional variations and further reduce the precision of the comparative analysis of individual plants. Our early attempt to develop routine procedure for lavender volatile analysis based on solvent extraction of milled frozen inflorescence material was not successful and showed rather high variations within replica analysis of inflorescence material collected from a single plant [30] . The secretion and accumulation of lavender essential oil compounds takes place mainly in peltate glandular trichomes located in high density on the adaxial calyx epidermis and to lesser extent in capitate trichomes on the epidermis of flower and leaf tissues [31] . To study the differential accumulation of volatile terpenes during lavender inflorescence and flower development, Guitton et al. [31] have successfully employed direct extraction of flower volatiles via dipping the flowers and inflorescence parts in solvent. However, the authors didn't evaluate the efficiency of the sample preparation procedure for routine comparative analysis of individual plants. Here we present results from application of a simple procedure for comparative analysis of lavender flower volatiles employing direct solvent extraction of a fixed number of
II. Material and methods

Plant material and flower collection
Lavender flowers from seven Bulgarian lavender varieties and five breeding lines used in the study were collected during the period 21-25 June 2015, Figure 1a , from the lavender experimental field of the "ZP Janeta Staneva" nursery, nearby the village of Cherganovo, Municipality of Kazanlak, Bulgaria. A fixed number (10, 20, 30 and 40) of flower buds at the analyzed developmental stages were collected with sharp tweezers without pressing the calyx. Flower buds were sampled from the apical zone of the inflorescence, zone 2 according to Guitton et al. [31] , at three developmental stages: stage 1 -corolla pointing out of the calyx, stage 2 -corolla fully opened and stage 3 -corolla faded and brown. The pointed stages 1, 2 and 3 correspond to stages 2, 3 and 5 described by Guitton et al. [31] . The collected flower buds were directly placed in 10 ml screw cap glass tube, followed by addition of 3 ml n-hexane (Sigma), containing 160 mg/ml 4-methyl-2 pentanol (Sigma) as internal standard. The tightly closed tubes were stored at 4 o C for 24 to 120 hours prior extraction. Each flower sample of the studied lavender varieties was analyzed in three replicas. All replica samples were collected from different plants of the same tested variety.
GC-MS and data analysis
Following storage at 4 o C, the extracts containing lavender flower volatiles were collected after vortexing the glass tubes for 15 min at 2000 rpm (Vortex Genius 3, VWR). The extracts were dried through the addition of anhydrous sodium sulfate (Sigma), followed by centrifugation at 3000g for 15 min. The clear supernatant was transferred into 2 ml vials, and stored at -80 o C until analysis. GC-MS analysis of the flower extracts was carried out on an Agilent 7890A gas chromatograph equipped with a 5975C mass spectrometer and an Agilent 7683B Series autosampler. All compounds were separated on a polar DB-WAXetr column (Agilent), 30 m x 0.25 mm, film thickness 0.25 µm, PEG as stationary phase. Carrier gas was helium at a flow rate of 3 mL min-1. 
III. Results
Sample preparation and GC-MS analysis
The procedure of sample preparation for GC-MS analysis was set up following repeated sampling, processing and GC-MS analysis of samples consisting of 10, 20, 30 and 1-summary of RSD values calculated for three replicas per sample; "min", "max" and "aver" -minimal, maximal and average RSD values calculated for the respective compound in all analyzed samples. 
Flower volatile composition at different daytime points and days of flower collection.
Flowers from the three tested lavender varieties at developmental stage 2 were collected at 9.00, 11.00 and 13.00 o'clock and subjected to comparative GC-MS analysis of the volatiles composition. The PCA analysis of the obtained data showed distinct samples clustering only according to the sampled lavender varieties, but not in relation to the tested daytime points of collection, Fig. 1c . Accordingly, the data analysis showed no significant difference between the levels of accumulation of the identified compounds in the samples collected at the three daytime points. A similar comparative CG-MS analysis was carried out for stage 2 flower samples collected at 13:00 h in five consecutive days, 21-25 May. The PCA analysis of this data set showed that besides the variety related clustering, there is a distinct clustering of the samples collected on the 21-st of May and to some extent for those collected on the 22-nd of May, Fig. 2d 
IV. Discussion
The employed simple lavender flower sampling and extraction procedure set up in the present study considers two critical issues: /a/ to avoid the impact of the inflorescence volatiles complexity caused by the developmental changes of flower volatiles biosynthesis and accumulation and /b/ to reduce the variations of the analyzed flower volatile compositions caused by sample processing, e.g. from essential oil distillation or the mechanical breakages of the glandular trichomes after pressing the flower tissues during multistep flower processing or milling of flower material. Accordingly, the sample preparation involves quick collection of a fixed number of flowers at selected stage of development and direct solvent extraction. The application of this procedure for analysis of a number of samples in triplicates consisting of flowers collected from three different plants of each of the tested variety showed lower RSD values of the scored volatile abundancies in comparison to the early tested procedure, employing extraction of equal portions of milled frozen inflorescences from individual lavender plants [30] . The earlier report by Guitton et al. [31] and the results from the present study point out that sampling of flowers at one and the same stage of development is essential for the precision of this comparative analysis procedure. The presented results also suggest that the sampling of the entire tested set of individual plants for a period of 2-4 hours within the same day is preferable and will not influence significantly the analyzed flower volatile composition. However, the higher day to day changes of climatic conditions or differences of climate parameters between the tested locations have to be taken into account when the study involves comparison of data from characterization of separate sets of plants. The obtained data could be readily used for cluster analysis and selection of groups of plants with similar volatile composition or identification of plants with deviation of the volatile composition or individual compound abundancies, example shown on Fig.  1a , as well as for QTL analysis of lavender segregating populations. The good performance of such sample preparation procedure suggests it could be easily applied, after simple optimization of the tissue to solvent ratio, for other plant species and sample types related to similar mode of trichome secretion and accumulation of the essential oil compounds.
V. Conclusion
In the present study we described successful testing of simple sample preparation procedure for comparative analysis of lavender flower volatiles, involving collection of a fixed number of lavender flowers at selected stage of development, followed by direct solvent extraction and GC-MS analysis of the volatiles. The procedure is well suited for flower sampling from larger number plants at field conditions including sampling of plants from remote plantations. The overall experience with the use of the described sample collection and preparation procedure as well as data analysis suggests they could be efficiently applied for comparative analysis of flower volatile composition of larger number of individual plants where essential oil analysis is not efficient or applicable, including characterization of segregating populations in lavender breeding programs and genetic resources pools in environmental studies.
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